A new apparatus was developed for evaluating a load on the low back caused by working postures by measuring upper body inclination. This apparatus consists of an inclinometer and a portable unit. The inclinometer that uses a magnetic resistance sensor is attached to the upper body of the subject. The portable unit, controlled by a one-chip CPU, is enclosed in a cloth case and carried by the subject on his waist belt. The inclination is measured at a certain interval and recorded in the memory of the portable unit. All the recorded data are later transferred to a host computer and then analyzed. According to the theoretical analysis by using a simple mathematical model, upper body inclination changes accord ing to the height of work places, and one cm difference in height causes more than one degree of upper body inclination. A model work of material handling was carried out to collect sample data. Two male subjects lifted ten boxes onto a platform from a stand in several heights. Both stooped and squat lifting methods were used as the lifting protocol. The mean and standard deviation (SD) of the upper body inclination during work decreased according to the lift distance only in stooped lifting. As a prac tical application, working postures during the task of changing diapers for handicapped people were analyzed with our apparatus. A female subject changed diapers eight times at different height of beds. The mean value of inclination decreased according to the height of the beds. The SD was almost con stant in all data, because most of the work was performed at the bedside and the working posture was rarely changed.
INTRODUCTION
For evaluating low back loads from working postures, observational methods are widely used in the field of occupational health.1-6) These methods are useful for field studies to grasp overall working conditions such as working processes, dealing materials, and environment of work places besides working postures, although it is very difficult to conduct observation for many hours. We have developed an apparatus for recording and analyzing working postures to reduce the burden of field studies. 7, 8) This apparatus records joint angles and upper body inclination by using goniometers and an inclinometer.
Working pos tures are automatically classified with the angle data. The data from electromyogram and video images are also linked to the data of working postures.
However, a simpler method is required to carry out field studies of many hours. and saved in a 30KB memory, which is sufficient to save more than 8hours of data when the angle is measured every second.
All the measured data are analyzed by a host computer (NEC, PC-9801, Japan) after the transfer of the data from the portable unit.
3. Specification of the Inclinometer 3.1. Structure of inclinometer. Figure 4 shows the structure of the inclinometer.
This inclino meter uses a magnetic resistance sensor (Murata, LP06M2F1AA, Japan).
The inclination is mea sured from the position of the pendulum.
A first order lowpass filter eliminates useless signals caused by the oscillation of the pendulum. The cutoff frequency of the lowpass filter is set at 0.72Hz, considering the proper oscillation of the pendulum (about 5Hz) and upper body movement (assumed 1Hz at most). The resolution of the inclinometer is infinitely small, but the signal of inclinometer is digitized by an 8-bit A-D converter, whose resolution is not so small. Thus the resolution of this apparatus is about one degree.
Various types of sensors were used for inclino meters. Potentiometer12,13) is a simple sensor and electronically similar to our sensor. The poten tiometer requires a pendulum of heavy weight because of high torque for rotating the pendulum. The torque can be reduced by using optoelectrical sensors.14) Small and light inclinometer can be made using this type of sensor, although it con sumes more electricity compared to the inclinom eter using a potentiometer or our sensor. The movement of a bubble and electrolyte in a small chamber is also used to detect the inclination.15) This type of inclinometer is also small and light, but the drive circuit of the inclinometer is complex because it requires to excite with alternating current.
3.2. Static and dynamic specification. Figure  5 shows the static specification of the inclinometer. The output curve of the inclinometer to inclination is similar to sine wave. The maximum error of linearity tis 4.6 degree from -20 to +120 degree of inclination. Figure 6 shows the dynamic specification of the inclinometer.
The inclinometer is fixed on a bench that can measure true inclination by using a potentiometer with no delay of movement. The output of inclinometer is delayed 227ms and the amplitude of the output is reduced 4.0 degree compared to the true inclination. These differences are mainly due to the lowpass filter. The delay of the output can be zero if software filtering methods are used, but this level of delay is negligible when applied to surveys many hours.
3.3. Fixation and calibration of inclinometer. When the inclinometer is fixed on a subject, it must be considered that the job of the subject is not disturbed by the inclinometer.
For precise measurement, the inclinometer should be fixed on the midline and high position of the upper body to avoid the effect of bent and twist of the upper body.
The inclinometer has to be calibrated after the In usual methods of direct observations, it is difficult to collect the data from many workers because of the large burden in volved in observation and data analyses. Al though the method using this apparatus is unable to collect detailed information on the work as observational methods can, it is easy to collect the data from many workers for many hours. Thus this apparatus can be used as a screening test to list up the hardest points of the work. 2. 2. Evaluation of the improvement of working conditions. The improvement of working condi tions can be evaluated using this apparatus by comparing the data before and after the improve ment. When some parts of the job step are revised or a new type of job step is introduced in order to improve the working conditions, the remaining part of the job step sometimes changes to balance the revised part of the job unwillingly. Thus, it is also important to evaluate the total workload after the improvement.
2.3. Evaluation of individual variation. There is a certain individual variation to be suffered from back pain or not. It is necessary to collect many hours of data from many subjects to study the individual variations.
For this purpose, the measuring method must be simple and less burden for subjects, and this apparatus is quite appro priate for it.
Further improvement
The most important point is to establish the criterion of the upper body inclination for pre venting low back pain. As shown in the results of model analyses, the values of mean and SD of inclination are useful to ascertain the working conditions concerning postures.
The other sta tistics such as duration of holding inclination or number of bending times also indicate some aspects of the workload.12)
There is no informa tion as to which statistic is the best index and what level should be kept for preventing back pain. This prototype apparatus has a large memory for saving raw measured data, but does not possess the function displaying the statistics of the measured data. The display function might be important for real time usage. When the best statistics are decided by experimental or epidemiological studies, the apparatus with limited functions will be simple, and smaller, and easier to use in field surveys.
